ABSTRACT: Ammodytes americanus adults were captured and transported to the laboratory and spawned. Eggs and larvae were successfully incubated at 2 , 4 , 7 and 10 'C. Speclfic growth rates in dry wt per day were 2.4 % at 2 "C, 3.23 % at 4 ' C . 4.75 % at ? 'C and 5.62 % at 10 "C. This was the first successful attempt to spawn sand lance in the laboratory and to rear the larvae through metamorphosis. The early life history of this fish can be completed under controlled laboratory conditions.
INTRODUCTION
The American sand lance Ammodytes americanus occurs along the Atlantic coast of North America from Cape Hatteras to the Gulf of St. Lawrence, northern Newfoundland, and northern Labrador to Hudson Bay. Its European relative, A. tobianus, occurs from Greenland, Iceland, northern Scandinavia and the White Sea south to Spain (Bigelow and Schroeder, 1953) .
Two species of sand lance are recognized as living on the east coast of North America: Ammodytes amencanus, an inshore species, and A. dubius, an offshore species. Their taxonomy remains confused; until the relationship of these species is clarified, we are following Leim and Scott (1966) and Reay (1970) in the use of A. americanusfor the inshore species of sand lance.
The sand lance plays a very important role in the economy of northern seas preying on secondary producers and constituting an important food of higher trophic level fish and mammals. Interest in sand lance has increased as their level of abundance has shifted in both the Northwest Atlantic ecosystem off the northeastern United States and in the North Sea (Sherman et al., 1981) .
Reference to trade names does not imply endorsement by
the National Marine Fisheries Service, NOAA Sand lance spawn from Canada to Virginia. Spawning from the Gulf of Maine to Cape Hatteras is widespread over the continental shelf (Richards and Kendall, 1973; Sherman et al., 1982) . Although sand lance have never been observed spawning naturally, it is believed that in the Merrimack River Estuary of Massachusetts they spawn in early December when water temperatures are 4.4 to 6.3 "C (Peterson, 1975) . The eggs of Ammodytes americanus have been partially described (Williams et al., 1964) but actual incubating times, embryonic development and hatch durations under controlled conditions prior to this study were not available.
Since the sand lance has become such a significant biomass component of the ecosystem on the Atlantic coast of North America, it was necessary to conduct laboratory research to determine important and unknown early life-history parameters (i.e. egg development rates, growth rates) relevant to population dynamics and ecosystem structure as part of the Northeast Fisheries Center's continuing MARMAP studies.
MATERIALS AND METHODS
Adult Arnmodytes americanus were captured in the Merrimack River Estuary in November 1981 (Jerome et al., 1965) . Several hundred were transported live to the O Inter-Research/Pnnted in F. R. Germany Narragansett laboratory in a 380-1 live car equipped with an aerator. The fish were held in two circular 900-1 fiberglass tanks. A continual supply of seawater was pumped into the tanks from Narragansett Bay.
While the fish were held in captivity, a photoperiod 10 h of light and 14 h of dark (10L: 14D) simulated spawning light conditions. Four banks of fluorescent lights (each bank composed of sixteen 40-W bulbs) were suspended 4 m above the tanks and mechanically timed. The light banks were sequentially turned on and off in the morning and evening at 15-min intervals to simulate dawn and twilight.
The sand lance were allowed to acclimate for a period of 2 wk before any handling was attempted. After acclimating the sand lance were examined weekly for spawning readiness. Injured or moribund specimens were removed and gonadosomatic indices (GSI) recorded. The gonosomatic index expresses wet gonad weight as a percentage of total body weight (gonad weight/body weight X 100). To minimize injuries they were anesthetized in a solution of tricane methanesulfonate (MS 222) at a concentration of 1 : 20,000 (Leitritz and Lewis, 1976) during each examination.
While held in captivity, the sand lance were fed cultured nauplii of Artemia sp. and wild plankton obtained from Narragansett Bay. Approximately 20 % of the fish appeared to feed during the time they were held in the laboratory. It is not known if they fast prior to spawning or if the stresses associated with captivity played a role in their apparent lack of appetite.
The water temperature in the holding tanks was initially at the ambient bay temperature of 11 "C and declined to 7 "C in 5 wk. The fjrst spawning occurred at 7 "C and terminated l ? d later when the temperature dropped to 4.5 "C.
Running ripe fish were stripped by hand and a ratio of 3 : 1 males to females was adhered to whenever possible. Sand lance spawn adhesive demersal eggs which form clumps under experimental conditions. Spawned and fertilized eggs were handled and prevented from clumping using diatomaceous earth according to the techniques of Smigielski and Arnold (1972) . Some fish were spawned directly into nitex baskets without separating for comparison against treated eggs.
Fertilized eggs both treated and untreated were held in 425 pm nitex baskets (42 cm X 20 cm X 16 cm) and suspended in static 30-1 aquaria to incubate. The aquaria contained filtered seawater at 30 ' A S and were aerated with a single air stone. A single application of penicillin (25 international units [IU] ml-l) and streptomycin (0.02 mg ml-l) at the concentration of 50 mg 1-' (Smigielski, 1979) was effective in controlling bacterial contamination of the aquaria. The aquaria were held in water baths equipped with programmable controls that balanced cooling and heating coils and maintained the desired incubating temperatures (Fig. l ). Groups of fertilized eggs were incubated at 2, 4, 7
and 10 "C after being tempered to the desired incubating temperatures at the rate of 1 C" every 6 h. Developing embryos were removed from the ? "C group and photographed daily until hatching. The staging of developing embryos in this research at 7 "C ( grown so large that its tail twists around yolk several times, myomeres visible except near end of tail, embryo very active, exhibiting convulsive movements at frequent intervals until hatching. Upon hatching, larvae were utilized in feeding (Buckley et al., 1982) and growth studies at the test temperatures of 2 , 4 , 7 and l 0 "C. Rearing aquaria were initially inoculated with the dinoflagellate Tetraselmis soucii. The larvae did not feed intensively on the embryos from fertilization to hatching phytoplankton; its value was probably more important as a conditioner of the rearing systems and as a food source for the zooplankton that was fed to the larvae. Harada (1970) reported that Japanese fish culturists usually incorporate blooms of algae to remove the metabolic wastes of larvae and to supply oxygen. First feeding larvae were fed 'ad libitum' cultured rotifers Brachionus plicatilis (> 100 km in largest dimensions) for several weeks. This was followed by wild copepod nauplii and adults consisting primarily of Acartia sp., Eurytemora sp. and Cladocera (Podon sp.) from a nearby estuary. They were sieved through a 210-pm mesh strainer and as the larvae increased in size cultured brine shrimp nauplii (450 to 500 pm) were fed.
Five banks of timed fluorescent lights (each bank composed of two 40-W bulbs) suspended 1 m over the aquaria simulated seasonal day and night regimen of 11 h light and 13 h dark ( l l L : 13D) during the rearing period.
Samples of larvae for individual standard lengths and dry weights were taken on a daily basis until 50 % had initiated feeding and then on a weekly basis. Samples consisted of 10 larvae from each test temperature. Standard lengths were measured to the nearest 0.1 mm with a filar micrometer in a dissecting microscope. Dry weight was determined by rinsing larvae in distilled water, pipetting on a glass Petri dish, freeze drying and weighing individually to the nearest 0.1 pg on a Cahn automatic electrobalance.
Daily growth rates were calculated from the slopes of the regression equations describing the relations between age in days and standard length in mm or the Log,, of dry weight in mg. Daily growth rates were multiplied by 31 to determine the increase in length per month.
RESULTS AND DISCUSSION
Gonadosomatic indices (GSI) of captive fish of both sexes were recorded in November and December (Table 1) . Gonads of females were slightly further developed in December while in males they remained virtually unchanged. Some males were running ripe in late November but the majority had ripened by the middle of December which coincided with the females' spawning.
The weights of fishes immediately before and after spawning were recorded and a mean weight loss greater than 35 % was observed. Scott (1972b) noted losses of about 30 % for Arnmodytes dubius while Fertilization and hatching percentages for eggs treated with diatomaceous earth at all incubating temperatures were very good (> 90 %), the untreated eggs displayed similar high fertilization rates at all temperatures but their hatch rates were lower (-75 5%). It was observed that clumping caused the eggs, which were several layers thick, to smother after developing to Stage 11.
Times from fertilization to the beginning of hatching, from initiation of hatch to 50 % hatch and hatch duration were 61, 21, and 74 d, respectively, at 2 "C, additional times for 4, 7 and 10 "C are listed in Table 2 .
Incubation and hatch duration for Ammodytes americanus was unusually long, confirming observations reported by Covill (1959) . The long incubating times for sand lance observed in the laboratory may be an artifact of the tranquil conditions that prevailed for the eggs. A. americanus eggs have never been Oil globule absorption 14 12 7 5
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observed incubating in the natural environment. Any role of mechanical action due to tidal forces in accelerating hatching is specu1a:ive. The mean standard lengths at hatching at 2, 4, 7 and 10 "C were 6.24, 6.34, 5.71 and 6.06 mm. These lengths were greater than those reported for Ammodytessp. by Scott (1972a) and assumed by Morse (1982) but similar to those reported for larvae collected along the west coast of Greenland by Richards (1965) .
Ammodytes americanus are fully developed at hatching possessing pigmented eyes, a complete gut and functional mouth. The times from hatching to completion of yolk sac absorption, oil globule absorption and first feeding were noted (Table 2) . At all test temperatures there were individuals that commenced feeding several hours after hatching. Yolk sac absorption occurred when larvae were between 6.3 and 6.8 mm long and oil globule absorption when larvae were 7.2 and 7.4 mm in length ( Table 3 ) .
The first fish metamorphosed 131 d after hatching at 4 "C and 102 d at 7 "C when they achieved a length of 29 mm. Reay (1970) suggested a larval phase duration for wintering-over larvae in the order of 3 to 5 mo and completion to metamorphosis (Macer, 1965) between 30 and 40 mm. At the termination of the study fish held at 2 "C for 149 d had not metamorphosed and due to a malfunction, measurements on the fish held at 10 'C were terminated after 61 d. A group of fish reared at 7 'C in a 600-1 fiberglass tank with a sand bottom (10 cm deep) exhibited schooling behavior 90 d after hatching after attaining lengths of 25 to 30 mm. They were also observed burrowing into the bottom 133 d after hatching when they were between 35 and 40 mm in length. The fish would remain buried for several days (Scott, 1973) only to emerge in groups of 2 and 3, or several dozen, and begin actively seeking food on the surface.
Ammodytes americanus were fed ad libitum more than 2 plankters ml-' daily from the onset of hatching and throughout the entire study time. Growth of larval A. americanus was influenced by temperature (Fig. 3) . Specific growth rates in dry weight per day were 2.4 % at 2 "C, 3.23 % at 4 "C, 4.75 % at 7 "C and 5.62 % at 10 "C. Buckley (unpubl.) examined sand lance collected on Georges Bank between 2 and 6 "C, and estimated their short-term protein growth rates from RNA-DNA ratio measurements and temperature. Growth rates ranged from 9.9 to 23. 9 % d-' in 1981 and from 4.9 to 13.1 % d-' in 1982. Changes in length frequency distributions of Ammodytes sp. captured in the field have been used to estimate growth rates. Growth estimates have also been obtained by reading otoliths with well defined annuli (Scott, 1968) . Estimated increases per month for Ammodytes sp. reported are 11.6 mm (Norcross et al., 1961 ), 6.75 mm (Pelligrini, 1976 , 5.9 mm (Scott, 1972b) , and 3 to 5 m m (Wheatland, 1956) . A. americanus reared in the laboratory had attained growth rates of 0.73, 0.88, 1.22 and 1.53 % increase in standard length per day 1Fig. 4) at 2, 4, 7 and 10 "C. These rates correspond to 2.73, 3.58, 6.92 and 11.31 mm mo-' for 155 d of growth.
Large differences in the dry weight of individuals were noted in all experimental groups throughout the study. Among individuals, extremes of 300 to 700 % were measured. This uneven size may be attributed to the fact that newly hatched larvae were entering the population daily for several weeks. As hatch duration times were quite lengthy, many of the larvae were established feeders for a considerable period of time before their newly hatched cohorts entered the population. Prolonged hatching may also have resulted in a n underestimation of growth rate in the present study. It is not known for certain if hatch duration is as long in the natural environment, but observations by Wheatland (1956) , Covill (1959) , and Richards and Kendall (1973) suggest a lengthy hatching period. Ammodytes sp. are apparently very opportunistic and will quickly fill a niche if larger predators are removed from the ecosystem (Sherman et al., 1981) . The result of this study, reporting in part on their high fecundity is in agreement with the high biomass estimates of Morse (1982) . The extremely long hatch duration and ability to survive and grow at low water temperatures (2 to 4 "C) for a considerable period of time suggests that these fish have adapted well to survival in the less than optimal conditons of late winter when the density of zooplankton prey is at the annual minimum throughout their spawning range of the northeastern coast of the United States.
